Zearalenone (ZEA), an estrogenic mycotoxin, is produced mainly by Fusarium fungi. Previous studies have indicated that acute ZEA exposure induced various damages in different species; however, its transparent hematotoxicity in female piglets at dietary levels of 1.1 to 3.2 mg/kg has not been shown. The present study was conducted to investigate the effects of dietary ZEA (1.1e3.2 mg/kg) on hematology, T lymphocyte subset, immunoglobulin, antibody titer, lymphocyte proliferation rate (LPR), and interleukin-2 (IL-2) in peripheral blood of post-weaning gilts. A total of 20 female piglets (Landrace Â Yorkshire Â Duroc), weaned at 42 d with an average body weight of 10.36 ± 1.21 kg were used in the study. Female piglets were kept in a temperature controlled room, divided into four treatments, and fed a diet based on corn-soybean meal-fishmeal-whey, with an addition of 0, 1.1, 2.0, or 3.2 mg/kg purified ZEA for 18 d ad libitum. Feed intake and refusal were measured daily and individual pigs were weighed weekly. Blood and serum samples were collected for selected immunological measurements. Female piglets fed different levels of dietary ZEA grew similarly with no difference in feed intake. Hematological values including leukocytes, platelets, lymphocytes, hematocrit, and mean corpuscular hemoglobin (MCH) decreased linearly (P < 0.05) as dietary ZEA increased. Female piglets fed diets containing 2.0 mg/kg ZEA or greater showed significantly decreased CD4 þ CD8 þ , CD4 þ , and CD4 þ / CD8 þ in comparison to the control (P < 0.05), whereas CD8 þ was significantly increased (P ¼ 0.026) in the gilts which were fed the diet containing 3.2 mg/kg ZEA. Serum immunoglobulin G (IgG) and the antibody titer on d 18 were reduced linearly as dietary ZEA levels increased (P < 0.001). Linear decrease in LPR was observed (P < 0.05). Female piglets fed diets containing 2.0 mg/kg ZEA or more showed significantly decreased IL-2 in comparison to the control (P < 0.05). The results suggested that dietary ZEA at the levels of 1.1 to 3.2 mg/kg can induce different degrees of hematotoxicity and negatively affect immune function in female piglets.
Introduction
Zearalenone (ZEA) is a mycotoxin produced mainly by Fusarium fungi growing on grains and its derived products throughout the world (Luo et al., 1990; Schollenberger et al., 2006) . Among farm animals, pigs, especially female pigs, are susceptible to ZEA (EFSA, 2004; Guan et al., 2011) , resulting in maximum limits of 0.1 mg ZEA/kg in the diets of piglets and gilts (EC, 2006) . However, investigations have revealed that the amount of feedstuffs contaminated by ZEA worldwide exceeded the maximum limits of EC (2006) (Zinedine et al., 2007) .
The major toxicity of ZEA and its metabolites, such as a-zearalonol (a-ZOL), is attributed to their estrogenic effects on the genital organs and reproduction in gilts (Chen et al., 2015; Fushimi et al., 2015; Jiang et al., 2010a Jiang et al., , 2011 . In addition, ZEA has been shown to be toxic to multiple tissues in animals, such as hepatotoxicity in rabbits (Conkova et al., 2001 ) and piglets (Jiang et al., 2010b (Jiang et al., , 2012 , haematotoxicity in rats (Cheraghi et al., 2015) , oxidative stress in mice (Ben Salah-Abb es et al., 2009 ) and piglets (Jiang et al., 2011; Yin et al., 2014; Wu et al., 2013 Wu et al., , 2015 Li et al., 2015) , and to have cytotoxic effects on cultured Vero cells (Othmen et al., 2008) .
Notwithstanding, the effects of ZEA on immune functions have been well established in mice (Abb es et al., 2006a; Ben Salah-Abb es et al., 2008) , humans (Gao et al., 2013) and in vitro (Berek et al., 2001) . However, studies of ZEA on immune response of pigs mostly have been conducted with respect to feeding grains naturally cocontaminated with ZEA and other Fusarium mycotoxins (Swamy et al., 2004) . Moreover, several changes of immunological parameters were induced by high ZEA concentrations (Abb es et al., 2006a,b; Ben Salah-Abb es et al., 2008; Li et al., 2013) , but such high doses are usually not found in cereals used for animal feed. Therefore, an experiment was conducted to examine whether or not the feeding of a purified ZEA-contaminated (1.1e3.2 mg/kg) diet to postweanling piglets will influence hematological values, T lymphocyte subset, immune globulin, antibody titer, lymphocyte proliferation rate (LPR), and interleukin-2 (IL-2) production in postweaning gilts.
Materials and methods

Preparation of zearalenone-contaminated diet
Purified ZEA (Fermentek, Israel) was dissolved in acetic ether, and then poured onto talcum powder. A ZEA premix was prepared by blending ZEA-contaminated talcum powder with ZEA-free corn, which was subsequently mixed at the appropriate levels with a corn-soybean meal diet to create the experimental diets. All diets were prepared in one batch, and then stored in covered containers prior to feeding. A composite sample of each experimental diet was prepared for analysis of ZEA and other mycotoxins by the Asia Mycotoxin Analysis Center (Chaoyang University of Technology, Taiwan), before and at the end of the feeding experiment. Deoxynivalenol (DON) was analyzed using high performance liquid chromatography (HPLC). Enzyme linked immunosorbent assay (ELISA) and fluorometry techniques were used to measure ZEA, fumonisins (FUM), and aflatoxin (AFL) levels. The detection limits of these mycotoxins were 1 mg/kg for AFL, 0.1 mg/kg for ZEA, 0.1 mg/kg for DON, including 3-acetyl deoxynivalenol, 15-acetyl deoxynivalenol, and nivalenol, and 0.25 mg/kg for FUM (Chen et al., 2015) .
Experimental design, animals and management
Animals used for all experiments were cared for in accordance with guidelines of the Animal Nutrition Research Institute of Shandong Agricultural University and the Ministry of Agriculture of China for the care and use of laboratory animals. A total of twenty post-weaning female piglets (Landrace Â Yorkshire Â Duroc) with an average body weight of 10.36 ± 1.21 kg were used in the study. Gilts were randomly allocated into four treatments after seven days of adaptation. The pigs were fed a basal mash diet (Table 1) supplemented with addition of 0, 1.1 ± 0.02, 2.0 ± 0.01 and 3.2 ± 0.02 mg/kg purified ZEA for 18 d. Aflatoxin, DON, and FUM were not detected in the test diets (Jiang et al., 2011) .
The diets used in the study were isocaloric and isonitrogenous with the only difference being ZEA levels. All nutrient concentrations were formulated to meet or exceed minimal requirements according to the NRC (1998). The pigs were housed in cages equipped with one nipple drinker and one brick-shaped feeder in a temperature controlled room at Jinzhuyuan Farm (Yinan, Shandong, China). During the experimental period, the temperature in the nursery room was maintained between 26 and 28 C. The mean relative humidity was approximately 65%. The gilts were fed ad libitum and allowed access to water freely through the entire experiment period.
Blood sampling
Blood samples were taken from piglets of all treatments via the jugular vein after the pigs had fasted for 12 h at the end of the experimental period. Samples of 10 mL were collected into a test tube containing an anticoagulant (K 2 EDTA) for hematological values, T lymphocyte subset, lymphocyte proliferation rate and IL-2 production test, and the other 10 mL were collected into nonheparinized tubes, incubated at 37 C for 2 h, and centrifuged at 1,500 Â g for 10 min, then the serum was separated and stored in 1.5 mL Eppendorf tubes at À20 C for serum immunoglobulin and swine plague antibody titer analysis.
Determination of hematological parameters
Leukocytes, erythrocytes, platelets, lymphocyte ratio, hemoglobin, hematocrit, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin concentration (MCHC) were determined using a blood counter (KX-21 model, automatic blood analyzer, SYSMEX East Asia Co., Japan) with adapted dilutions.
Phenotyping of peripheral blood lymphocytes
Blood (5 mL) was mixed with 10 mL of Dulbecco's Phosphate Buffered Saline (DPBS, SigmaeAldrich, USA), then underlayed with 4 mL of Lympholyte-Mammal (Cedarlane Laboratories Limited, Burlington, Canada) for density gradient separation of peripheral blood mononuclear cells (PBMC). The blood samples were centrifuged at 400 Â g at room temperature for 30 min. The cell layer at the lympholyte interface was transferred, washed three times with DPBS, and suspended in 1 mL of DPBS. More than 95% of the cells were viable and assessed using trypan blue staining. 
respectively. In order to estimate the concentrations of these lymphocyte subsets in the blood circulation, the concentration of lymphocytes throughout the blood was multiplied by the proportion of various lymphocyte subsets obtained from the flow cytometric analysis.
Lymphocyte proliferation rate of peripheral blood
Pretreatment of blood: whole blood was diluted by D-hanks at a ratio of 1:1, and then was added into three times with DPBS, and suspended in 1 mL of DPBS. More than 95% of the lymphocyte separation liquid, and the mixture were subjected to centrifugation at a speed of 295 Â g for 30 min. Next, leukocytes in the intermediate layer were harvested. The cell mixture including erythrocytes was lysed with red blood cell lysates, and then they were washed three times with RPMI-1640 (Hyclone, USA). The washed cells were subjected to centrifugation for 5 min at a speed of 295 Â g, then the number of live cells was counted with trypan-blue staining (the number of live cells should exceed 95%). Finally, the lymphocytes were suspended in an RPMI-1640 complete medium and the cells were adjusted to a cell concentration of 2 Â 10 6 cells/mL.
Measurement of cell proliferation rate of lymphocytes: the above cell suspensions were added into 96 well cell culture plates with 190 mL cell suspension in each well, and in the meantime 10 mL
ConA was added to each well. The cell mixtures were placed in a 5% CO 2 incubator for 72 h under 37 C. Four hours before the culturing of cells was complete, 100 mL MTT was added into every well and the cells continued culturing. After culturing was completed, 100 mL supernatant was removed from every well, and 100 mL dimethyl sulfoxide (DMSO) was added to dissolve purple crystallized products. The absorbance of each well (OD value) was measured at a wavelength of 570 nm using an ELISA reader. The absorptance value of the control group was 1, and the absorptance values of the other experiment groups were compared with that of the control, then the percentages of cell numbers in the experiment groups which were relative to the control group were obtained (Cetin and Bullerman, 2005) .
IL-2 Production of peripheral blood
Induction of IL-2 in vitro: preparation of peripheral blood lymphocytes was as described above. Five hundred microliter cell suspensions were added to each well of the 48 well cell culture plates. The plates were placed in a 5% CO 2 incubator for 24 h for static culture under 37 C. The cell culture plates were removed after culturing; supernatants were harvested sterilely on a superclean workbench, and the harvested supernatants were stored in a refrigerator at À80 C for further detection.
Preparation of targeted cells for detection of induced IL-2 activity: 1 mL cell suspensions and 1 mL ConA solution were placed in every well of the 24 well cell culture plates, and then placed in a 5% CO 2 incubator under 37 C for culturing for 48 h. The cell culture plates were removed from the incubator, and lymphocytes were collected with lymphocyte separation solution by means of density gradient equilibrium centrifugation (664 Â g, centrifugation for 20 min). The harvested cells were washed twice with an RPMI-1640 complete medium, and then the cells were additionally washed three times with a-mannosidosis. Finally, the targeted cells were adjusted to a concentration of 8 Â 10 6 cells/mL with RPMI-1640 complete medium containing a-mannosidosis for further detection.
Measurement of IL-2 content: a 144 mL RPMI-1640 complete medium was placed in every well of the 96 well cell culture plates, then 6 mL samples (diluted with an RPMI-1640 complete medium at a ratio of 1:16) was added to each well, and 50 mL targeted cells were also added to each well. Every sample included three repetition wells, and the RPMI-1640 complete medium was set as a blank control. The prepared cells in the plates were placed in an incubator with 5% CO 2 at 37 C for culturing for 30 h. After culturing was complete, a 100 mL MTT solution was placed in each well, and the cells were further cultured for 4e6 h. One hundred microliter supernatant was removed from each well and 100 mL DMSO was added to the supernatant. Optical density value was measured at a wavelength of 570 nm using an ELISA reader.
Serum immunoglobulins
The total concentrations of the different immunoglobulin subsets (immunoglobulin G [IgG] , IgA, and IgM) were measured by ELISA. All antibodies and reference sera used in the assay were purchased from Southern Biotechnology Associates (Birmingham, USA). Goat anti-pig IgA (alpha chain-specific, 0.01 mg/mL), goat anti-pig IgG (Fc fragment specific, 2 ng/mL), and goat antipig IgM (mu chain-specific, 2 ng/mL) were used as capture antibodies. The concentrations of IgM, IgG, and IgA in the reference sera were 0.6, 6.0, and 0.4 mg/mL, respectively, and standard curves were constructed for immunoglobulin by diluting the reference sera. Horseradish peroxidase (HRP)-conjugated antibodies included 1/60,000 goat anti-pig IgM-HRP (mu chainspecific), 1/125,000 goat anti-pig IgG-HRP (Fc-fragment specific), and 1/100,000 goat anti-pig IgA-HRP (alpha chain-specific). The efficiency of immunoglobulin detection in the serum was quantified with 50 ng/mL of purified pig IgG, IgM, or IgA. Absorbance was read at 450 nm using an ELISA plate reader (Spectra thermo, Tecan, Trappes, France).
Antibody response to swine plague
On the first day of the ZEA challenged trial, all piglets were immunized by subcutaneous inoculation with one dose of swine plague vaccine (Harbin Veterinary Research Institute, CAAS, China). Blood samples (5 mL) were taken on the day before the ZEA challenged trial and on experiment days 6, 12 and 18 from each piglet via the jugular vein using the same methods described above. All antibodies and reference sera used in the assay were purchased from Harbin Veterinary Research Institute, CAAS (China). The swine plague antibody titers were measured by the hemagglutination (HA) and hemagglutination-inhibition (HI) test (microtiter). Then 0.05 mL of serum were serially diluted with phosphate-buffered saline (0.005 mol/L phosphates) (NaH 2 PO 4 $H 2 O þ Na 2 HPO 4 anhydrous), 0.146 mol/L NaCl (pH 7.2) on 96-well plates after being inactivated for 30 min at 56 C, then an additional 0.05 mL of virus dilution containing 4 HA units per well was added. The plates were oscillated for 3 min and incubated for 10 min at room temperature, and then 0.05 mL RBC suspension was added per well, oscillated for 3 min and reinsulated for 15 to 60 min at room temperature. The results of the swine plague antibody titers were read at the end point of hemagglutination inhibition.
Statistical analyses
All data were subjected to analysis of variance using the GLM procedure of SAS (SAS 9.1, 2003) . The data were first analyzed as a completely randomized design with individual piglet as a random factor to examine the overall effect of the treatments. Orthogonal polynomial contrasts were then used to determine linear responses to ZEA levels of treatments. The significances of differences among treatments were tested using Duncan's multiple range tests. All statements of significance were based on P < 0.05.
Results
No significant differences were observed in the average daily feed intake (ADFI), average daily gain (ADG) or feed conversion ratio (FCR, gain: feed ratio) throughout the testing period of piglets among all treatments.
Hematological values
Gilts fed the diet containing 1.1 mg/kg ZEA or greater had reduced (P < 0.05) platelets compared with the control (Table 2) . Gilts fed diets containing 2.0 mg/kg ZEA or greater had decreased (P < 0.05) blood levels of leukocytes, lymphocytes and hematocrit compared with the control. Increasing dietary ZEA linearly decreased (P < 0.05) leukocytes, platelets, lymphocytes, hematocrit, and MCH.
T lymphocyte subset of peripheral blood
The T lymphocyte subsets of CD4
þ , and CD4 þ /CD8 þ of piglets supplemented with 2.0 mg/kg ZEA were significantly lower than those of the control piglets (P < 0.05) (Table 3) , whereas CD8 þ was significantly increased (P ¼ 0.026) in gilts fed the diet containing 3.2 mg/kg ZEA.
Lymphocyte proliferation rate and IL-2 production of peripheral blood
Linear decrease in LPR was observed (P < 0.05) in the gilts fed greater than or equal to 1.1 mg/kg ZEA-contaminated diet (Fig. 1) . Gilts fed diets containing 2.0 mg/kg ZEA or greater had significantly decreased (P < 0.05) IL-2 compared with the control (Fig. 2) .
Immunoglobulin concentrations
Gilts fed the diet containing 2.0 mg/kg ZEA or greater had reduced (P < 0.001) serum IgG compared with the control (Table 4) , and the IgG concentrations were reduced linearly as dietary ZEA levels increased (P < 0.001). The feeding of ZEA-contaminated diets to pigs did not cause any changes in serum IgA or IgM concentrations (P > 0.05).
Antibody titer to swine plague
Gilts which ingested 2.0 or greater ZEA-contaminated diets decreased (P < 0.05) antibody titer to swine plague at both 12 and 18 d of the experiment (Table 5) , whereas the treatment effects on antibody titer to swine plague were not observed at 6 d of the experiment.
Discussion
Hematological values
It has been confirmed by many studies that ZEA-induced hematotoxicity appears in many types of animals. Specifically, it has also been verified that high doses of ZEA (40 mg/kg BW) lead to increased levels of hemoglobin and decreased numbers of platelets in mice (Abb es et al., 2006a). Maaroufi et al. (1996) reported that ZEA treatments (3 and 5 mg/kg) resulted in significantly reduced numbers of platelets and dramatically increased numbers of leucocytes in female mice. Swamy et al. (2004) also confirmed that ZEA-contaminated daily foods linearly decreased the numbers of B cells of turkeys. Jiang et al. (2010b) confirmed that the numbers of platelets and content of hemoglobin significantly decreased in weaned pigs treated with 1.3 mg/kg ZEA. However, it has also been shown that numbers of blood cells including lymphocytes, neutrophilic polymorphonuclear leukocytes, monocytes and eosinophils were not affected in mice treated with 10 mg/kg ZEA (Forsell et al., 1986) . In the present study, ZEA treatments significantly altered the compositions of piglet cells, and decreased numbers of leucocytes, platelets and lymphocytes in a dosedependent manner further confirmed the hematologic toxicity effects of ZEA in piglets.
T lymphocyte subset of peripheral blood
The stability of the T lymphocyte subsets was essential for the maintenance of the normal immune regulation of bodies, and was also an important index for evaluating the cellular immune functions of bodies. High doses of ZEA (40 mg/kg BW) significantly decreased the numbers of CD3 þ , CD4 þ , CD8 þ and CD56 þ cells in the peripheral blood of mice (Abb es et al., 2006b ). Karagezian (2000) confirmed that intravenous injection of ZEA (15 mg/kg BW) in mice led to significant abnormality of phospholipid metabolism in the lymphocyte membranes, which may explain why the T lymphocyte subsets reduced.
The results of the present study demonstrated that numbers of CD4 þ , Zearalenone was not detectable in the control diet; ZEA1, ZEA2 and ZEA3 represent the control diet with an addition of 1.1, 2.0 and 3.2 mg/kg ZEA, respectively. Different letters above standard error bars indicate statistically significant differences between treatments (P < 0.05). Effects of different levels of zearalenone (ZEA) on interleukin-2 (IL-2) production in peripheral blood of gilts. Data are means for 5 replicates per treatment. Zearalenone was not detectable in the control diet; ZEA1, ZEA2 and ZEA3 represent the control diet with an addition of 1.1, 2.0 and 3.2 mg/kg ZEA, respectively. Different letters above standard error bars indicate statistically significant differences between treatments (P < 0.05). 
Control
Lymphocyte proliferation rate and IL-2 production of peripheral blood
The proliferation of lymphocytes was a normal protective and physiological reaction when body immune systems were stimulated by foreign antigens, which had a great significance in resisting foreign microbial infection for organisms (Sean et al., 2005) . Zearalenone, a-ZOL and b-ZOL could induce cytotoxicity of immune cells, and it was confirmed that 10 À5 mol/L ZEA and its metabolites inhibited the proliferation of neutrophil (Muratori et al., 2003) .
Even low concentrations of ZEA (10 mmol/L) could inhibit the proliferation of thymoma Jurkat T cells, and it was confirmed that the inhibition effect was induced by ZEA-induced T cell apoptosis (Luongo et al., 2007) . Zearalenone could inhibit proliferation of human peripheral blood lymphocytes stimulated by phytohemagglutin phytolectin, and ZEA also could inhibit the formation of B cells and T cells stimulated by Concanavalin A and pokeweed mitogen (Vlata et al., 2006) . Abid-Essefi et al. (2004) confirmed that ZEA could suppress synthesis of proteins and DNA, block cell cycle proceeding at the G2/M stage, block DNA replication, and thereby inhibit cell proliferation. It had been verified that if there were heavy loads in the DNA repair system due to excessive damage, cell apoptosis or other types of cell death occurred, which may explain why cell viability decreased (Orren et al., 1997) . In the present study, the MTT method was used to uncover the inhibition effects of ZEA on cell proliferation of peripheral blood lymphocytes, which thus further affected the immune functions of lymphocytes in piglets.
In vivo, cells producing IL-2 were mainly T cells, but some precursors of T cells and B cells also could generate IL-2. In vitro, mitogen, some cytokines and some drugs were all able to induce production of IL-2 in lymphocytes. Recently, IL-2, as a molecular vaccine adjuvant, has often been used to enhance immune effects, especially in enhancing cellular immune responses. Studies have shown that a-ZOL (40 and 80 mmol/L) significantly decreased the expression level of IL-2 in Thymoma T cells (Luongo et al., 2007) . Polluted daily diets (DON: 1 mg/kg, ZEA: 0.25 mg/kg) dramatically decreased the expression of cytokine IL-2 of spleen in weaning pigs (Cheng et al., 2006 ). In the current experiment, levels of IL-2 in the peripheral blood of piglets of the group treated with 3.2 mg/kg ZEA were dramatically lower than those of the control group, and levels of IL-2 decreased linearly with the increased levels of ZEA. Due to the fact that IL-2 is a cytokine which is essential for the proliferation and differentiation of T cells, the reasons of decreased levels of IL-2 in peripheral bloods induced by 3.2 mg/kg ZEA may be explained by the fact that there was a decreased proliferation rate of peripheral blood lymphocytes.
Immunoglobulin concentrations
Immunoglobulins are important products of immune responses against antigen materials for organisms. Immunoglobulins may block detriments of pathogens on bodies, thus leading to loss of pathogenic roles for pathogens. Immunoglobulin G is a major antibody in mediating humoral immunity with a main force in resisting infection immunity for animal bodies. In addition, IgG is also a main antibody in diagnostic serology and monitoring after vaccine immunization. Monitoring IgM antibodies may aid in conducting early diagnosis of vaccine serology. High doses of ZEA (40 mg/kg BW) have been shown to significantly decrease levels of IgA and IgG in mice, and affected humoral immune response (Abb es et al., 2006b) . Feeding the weaned piglets with toxin-polluted diets (DON: 1 mg/kg, ZEA: 0.25 mg/kg) dramatically reduced levels of serum IgG (Cheng et al., 2006) . In the present experiment, levels of serum IgG in the group treated with ZEA (2.0 and 3.2 mg/kg) were significantly lower than those of the control group in a dosedependent manner. Levels of IgM showed a trend of decreasing linearly with increased levels of ZEA, indicating that ZEA (3.2 mg/ kg) had inhibitive effects on humoral immunity in piglets, consistent with the results that ZEA decreased levels of serum globulin, which indicated that ZEA may affect protein metabolisms.
Antibody titer to swine plague
Hog cholera vaccine in the present experiments was a live vaccine which was regarded as a safe and effective hog cholera vaccine internationally produced by a lapinized virus C strain. Classical swine fever antibody titer was an index reflecting the specific humoral immunity function of organisms. Aflatoxin (2.5 mg/kg) could clearly inhibit the immune response of broiler against Newcastle disease vaccine, and lowered immunization in organisms (Ibrahim et al., 2000) . Feeding weaned piglets with toxin-contaminated diets (DON: 1 mg/kg, ZEA: 0.25 mg/kg) dramatically reduced titer of antibody in porcine pseudorabies when they were immunized for 28 d, whereas it showed no significant effect on titer of antibody in piglets Pseudorabies when they were immunized for 14 d (Cheng et al., 2006) . The results in the present study demonstrated that antibody titers of hog cholera vaccine in the group treated with ZEA (2.0 and 3.2 mg/kg) when they were immunized for 18 d were significantly lower than those of the control group in a dose-dependent manner. Therefore, the present investigation showed that ZEA may deactivate macrophages to some degree, and inhibit production of antibodies in the blood of weaned piglets in a dose-dependent manner. The effects of single toxin ZEA on classical swine fever antibody titer were not reported. Therefore, the underlying mechanism still requires further exploration.
Conclusions
The current study demonstrated that ZEA feeding at 1.1 to 3.2 mg/kg for 18 d induced different degrees of hematotoxicity in post-weaning gilts, as indicated by the changes in hematological values, CD4
þ , and CD4 þ /CD8 þ , lymphocyte proliferation rate, IL-2, serum IgG, and the antibody titer tested in this study. Most of the parameters were linearly affected as dietary ZEA concentrations increased. In addition to its estrogenic effects, the study also showed that the increase of hematotoxicity in gilts fed ZEA contaminated feeds provides another possible pathway of ZEA toxicity in pigs. However, more cellular and molecular studies are required to thoroughly understand ZEA biological mode of actions and the toxicity of ZEA.
